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(54) Patterning device 



material and is arranged on top of a substrate protru- 
sion element on a surface of a substrate and/or is itself 
structured on a substrate. 



(57) A patterning device is proposed with which inci- 
dent light is guidable at least partially to at least one 
cover element which is in contact with the patterning 
device. The cover element comprises light-sensitive 
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Descripti n 
TECHNICAL FIELD 

[0001] The present invention concerns a new 
scheme for optical lithography that allows extension ot 
optical lithography beyond the conventional resolution 
limits imposed by the wavelength of the exposing light. 

BACKGROUND OF THE INVENTION 

[0002] The resolution of conventional optical lithog- 
raphy schemes is mainly limited by the wavelength of 
the light used for the transfer of a mask pattern onto a 
resist. The wavelength of the exposing radiation is a 
main determinant of pattern resolution W, given by the 
Rayleigh equation W = k i; /NA, where X is the wave- 
length of the exposing light, NA is the numerical aper- 
ture of the optical lithography tool, and is a constant 
for a specific lithography process. In other words, the 
resolution W is proportional to the wavelength X of the 
exposing light. Cutting-edge production today creates 
features that are 250nm wide, using 248 nm illumina- 
tion. Currently, the implementing schemes based on 
light are the bottleneck when trying to obtain structures 
of a feature size below 200nm. State-of-the-art optical 
lithography systems for making current DRAMs, for 
example, are quite expensive. Alternative processes 
become attractive when moving on to smaller feature 
sizes, but the required investments are huge. Thus, 
techniques that maintain compatibility with existing 
processes are inherently valuable. 
[0003] Trends in integrated-circuit- and flat-panel- 
display-manufacturing technologies require improve- 
ments in small-scale lithography. In these and other 
fields, there is an increasing demand for a cost-effective 
lithographic technique that can produce large fields 
(e.g. approximately 45 cm diagonal for displays) of 
nanoscale structures. The semiconductor industry road 
map calls for leading-edge manufacturing at 180 nm in 
the year 2001 and 70nm in the year 2011. 
[0004] One well-known form of optical lithography is 
the so-called hard-contact lithography, where a mask is 
put directly into contact with a substrate to be patterned. 
Features on the mask, comprising alternatively translu- 
cent and opaque regions in a well-defined pattern, are 
transferred into a photoresist in a 1:1 relation to their 
dimensions on the mask. Hard-contact lithography can, 
in principle, make structures with sizes below the wave- 
length of illumination, but the contact used to place the 
mask on the substrate compromises the integrity of the 
process as the possibility of confounding material on the 
surface of the mask and mask damage greatly limit the 
useful number of times the mask can be used. Cost h 
particularly worrisome as the feature scale shrinks and 
itv expenu c' rr.r.si fab-icaiio- skyrocket: with th* 
increase in the oensity oi \\t teaiuiet. Contact maski 
are also generally much more expensive than those 
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used in optical-projection lithography since for an equiv- 
alent resolution the critical dimensions in the former 
need to be smaller than those in the latter, by the reduc- 
tion factor used in a projection system. Dust particles 

5 and other physical impediments to the substrate are 
catastrophic in hard-contact lithography as they lift the 
mask away from the surface, blurring the pattern. Such 
defects appear over an area much larger than the 
obscuring particle because the mask is unable to con- 

jo form around their presence; this problem is com- 
pounded as the feature scale shrinks such that even a 
200 nm particle can be harmful. In addition, the resist 
can get stuck to the mask. Hard-contact lithography has 
thus not found a significant role in manufacturing of 

75 small-scale integrated circuits. 

[0005] There are many approaches known, that 
improve conventional lithography systems in that filters, 
projection lenses, or appropriately modified masks are 
employed. These approaches get more and more com- 

20 plicated and expensive with reduced feature scale. One 
example here is the so-called optical -projection lithogra- 
phy. The optical lithography based on projection is a 
very successful and widely employed means of making 
features down to 200 nm. Here, a pattern of intensity 

sz variations in the far field results when light is shone 
through a mask like that used in contact lithography. The 
light propagates through air and is focused by a lens to 
create an image of the desired pattern on a resist-cov- 
ered substrate, often demagnified by a factor of 5-10 

so from its size on the mask. Projection lithography is 
largely limited to features sizes equal or larger than the 
wavelength X of light. Its implementation becomes 
increasingly difficult as the scale shrinks towards and 
below 200 nm, where very complicated systems of 

35 lenses and materials are required to carry out existing 
and proposed schemes. The area over which uniform 
illumination can be achieved is particularly problematic. 
The maximum current field size with the best 248-nm- 
exposure tool is now only -30 x 30 mm. 

40 [0006] It is generally a disadvantage of most of 
these approaches that they are getting more and more 
complicated and expensive when trying to obtain 
smaller feature sizes. Furthermore, there is a tradeoff 
between maximum resolution, depth of focus and 

45 achievable field image which comes Irom the use of a 
lens to focus the light. 

[0007] The resolution of standard photolithography 
systems can be increased and feature size decreased 
by using masks that manipulate the phase instead of 

so the amplitude of the light used for exposure. Such 
masks are referred to as phase masks, phase shifting 
masks or PSMs. Two examples of phase shift-based 
approaches are described by DM. Tennant et al. in 
"Phase Grating Masks for Photonic Integrated Circuits 

£« Fabricated by E-Beam Writing and Dry Etching: Chal- 
lencf. U (.omn-ie:cic : ' Aoplrc.f.tiO'T. " Mic.iOflearor.K 
bnyineenng, voi. 27, 1995, pp. 4k7-4b4 ( ana b> J. A. 
Rogers et al. in "Using an elastomeric phase mask for 
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sub-100 nm photolithography in the optical near field", 
Appl. Phys. Lett., No. 70. Vol. 20. 19 May 1997, pp. 
2658-2660. 

[0008] Tennant et al. propose the use of hard-con- 
tact masks, whereas Rogers et al. favor elastomeric 
masks for the formation of high-density sub-wavelength 
features. In these methods, the pattern on the mask 
results in interference in the illumination arising in the 
near field from contact between a photoresist and the 
structured mask. Light passes everywhere through the 
mask which is completely translucent but has a pattern 
of surface reliefs that vary in a well-defined manner. 
Light traveling through such a structured mask experi- 
ences a comparatively longer or shorter path depending 
on the place of its exit. This change in the effective path 
length through the structured mask leads to phase dif- 
ferences in the propagating light. These phase differ- 
ences result in sub-wavelength nodes in intensity of the 
exposing radiation at the surface of the resist. If these 
masks are designed and made appropriately, there are 
nodes at the mask/resist interface with a relative mini- 
mum in intensity. 

[0009J Rogers et al. show that using a phase 
approach with an elastomeric mask allowed them to 
make sub-wavelength features in a photo resist layer 
while avoiding the problems associated with brittle con- 
tact masks. These features can then be transferred into 
a substrate by means of dry etching, or wet chemical 
dissolution of the substrate, as is well known in the art. 
The features formed in the substrate have about the 
same lateral dimensions as the features formed in the 
photoresist. The problem with the aforementioned 
approaches to lithography based on phase-shifting of 
light through a mask is that, while small features can be 
generated, these features are constrained to a one 
dimensional geometry, i.e. lines, and low density on the 
substrate. Further, the shape of the structure in resist is 
limited. In the paper of Rogers et al., the authors show 
that the phase shift in the light intensity provides struc- 
tures in the resist that are related to the derivative of the 
topology in the phase mask. i.e. each wall in the pattern 
of surface reliefs in the phase mask gives rise to a rela- 
tive minimum in the light intensity at the surface of the 
resist. The width of this node is narrow but fixed so that 
only a very limited variation in the range of the lateral 
sizes of these features is possible. 
[0010] Making dots, squares or other filled struc- 
tures of arbitrary shape is not obviously possible in a 
single step by this technique. Moreover, in order for the 
phase shift to be present at all, the height of the surface 
reliefs in the phase mask must closely match the wave- 
length of the exposing light. This requirement means 
that the structures in a phase mask are constrained to 
become increasingly anisotropic as their dimensions 
shrink, a significant problem in the formation of such 
tfer.hiit! ir.elnrtr-n-.e--K T.^t^iH: I* i: anrthp pioble n 
ot this appioach thai theit aiwayt ait twin stiuciuiei 
exposed in the resist, because each protrusion of the 



phase mask generates a pair of nodes of low intensity at 
its edges. 

[0011] The problem of mask fabrication described 
above remains as well as the susceptibility of the proc- 
e ess to defects and damage. The use of an organic poly- 
mer to form the mask allows their convenient formation 
by a variety of techniques, perhaps most notably by rep- 
lication of the mask from a master. Many polymeric 
masks can be cast on a single master with no evident 
70 wear of the latter since the process exerts no or very lit- 
tle stress on the substrate. Replication of masks avoids 
some of the problems associated with the costs of their 
use in contact lithography for the formation of high-den- 
sity small structures: the replica can be made so 
7£ cheaply as to allow its use only once prior to its dis- 
posal. Not all structures are possible in many of the 
most convenient polymers, such as the elastomeric 
polydimethylsiloxane used by Rogers et al., for these 
applications. The paper "Stability of Molded Polydimeth- 
20 ylsiloxane Microstructures" by Delamarche et al. 
(Advanced Materials 1997, 9, p. 741) shows that many 
features in ordinary elastomers collapse and tend 
toward increasingly poor definition and their anisotropy 
increases and their feature scale decreases, respec- 
ts tively. 

[0012] There are proposals concerning other 
approaches and schemes by means of which the reso- 
lution of optical lithography systems can be somewhat 
extended to smaller feature sizes. An example is given 
30 in an article by H. Fukuda et al. with the title "Can syn- 
thetic aperture techniques be applied to optical lithogra- 
phy?", published in J. Vac. Sci. Technol. B, 
Microelectron. Nanometer Struct. (USA), Vol. 14, No. 6, 
Nov. Dec. 1996, p. 4162-4166. This article discusses 
35 the theoretical feasibility of applying optical-aperture 
synthesis to lithography. A technique involving the inser- 
tion of three phase gratings into a conventional projec- 
tion system is described. While this approach paraxially 
yields imaging with doubted spatial bandwidth, aberra- 
te tions introduced by the gratings are shown to be a seri- 
ous limitation. Image simulations demonstrate that for 
very restricted pattern types, a resolution down to 0.1 
pm is theoretically achievable. 

[0013] Using expensive optics and existing laser 
45 sources and photoresists, interfeiometric lithography 
can be extended to beyond the horizons of the current 
industry road maps, as described by Ch. Xiaolan et al. 
in "Multiple exposure interferometric lithography-a novel 
approach to nanometer structures". Conference Pro- 
50 ceedings - Lasers and Electro-Optics Society Annual 
Meeting 1996, p. 390-391. 

[0014] More exotic schemes for sub-200 nm lithog- 
raphy are also being considered. X-ray. extreme UV and 
projected beams of electrons are the object of active 
research for manufacturing application. The problems 

wiv tt.fi f tKhriicue; r^nc? tirrvttv riif;if ultiei c' n-,?*; 
tabncation. the implementation ot practical beam-toi- 
mation techniques, the need for novel resist materials 
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that allow a functional and sensitive use of the beam 
intensity, practical problems in forming and stabilizing 
the beam and the ever present limitations of cost and 
complexity. 

[0015] It is hence a first object of the invention to 
provide a very simple and consequently low-cost solu- 
tion for small-feature generation lithography. 
[0016] It is another object to provide a patterning 
device which offers a high precision and a high contrast 
in the produced pattern. 

[001 7] It is another object to provide a multiply reus- 
able patterning device. 

[0018] It is another object to provide a patterning 
device with a high degree of self-alignment, particularly 
for creating stacked structures, like semiconductor 
arrangements where several layers are to be deposited 
at exactly the same vertical position and with exactly the 
same lateral dimensions above each other. Hereby, by 
using the invention's concept, expensive alignment 
structures are no longer needed and simultaneously the 
yield of qualified patterned products rises. 

SUMMARY OF THE INVENTION 

[0019] The above objects have been accomplished 
by providing a patterning device with which light is 
guided to a cover element on a substrate. The cover ele- 
ment is structured in that it has depressions and protru- 
sion elements. This can either be achieved by having a 
structured substrate, i.e. having substrate protrusion 
elements, which is covered with the cover element, 
such that the structure of the substrate is reflected in the 
resulting structure of the cover element which hence 
has the depressions and the protrusion elements due to 
the underlying substrate protrusion elements. Or the 
cover element itself is structured and has depressions 
and protrusion elements. Also both effects can be com- 
bined, 

[0020] The goal is to selectively guide light to the 
protrusion elements of the cover element while the 
depressions of the cover element are not or only to a 
much lesser extent exposed to light. 
[0021] The cover element comprises light-sensitive 
material, such that the light which arrives at this cover 
element alters the material of the cover element. The 
light is coupled to the cover element preferably through 
conformal contact between the patterning device, 
respectively a light-guiding protrusion element of it, and 
the cover element. The light leaves the patterning 
device mainly only where the light-guiding protrusion 
elements touch the cover element. At the other posi- 
tions, internal reflection hinders the light from leaving 
the patterning device. 

[0022] Because the part of the cover element which 
is to be exposed to the light is protruding from the sub- 
ftJr.K tht pf.tif-T.ric of-v-icf i: it: i implex : c-Tfoonimr • 
may consist oni> oi a tiat, unsuuctuiea, eiasuc ugni- 
guiding plate, sheet, layer, disk or the like. It then 



touches only the protrusion elements of the cover ele- 
ment. 

[0023] A subsequent developing step removes 
either the part of the cover element which has been 
£ exposed to the light or the part which has not been 
exposed. 

[0024] Consequently, in the case when the cover 
element was deposited on a structured substrate, a nat- 
urally self-aligned pattern is the result, namely the sub- 
re strate protrusion elements are in the case of a removal 
of the exposed cover element free for e.g. being selec- 
tively covered with layer elements or being treated in 
any other way. The selection for the layer element cov- 
erage treatment can be achieved by covering again the 
is whole surface with a layer which then comprises the 
layer elements on the substrate protrusion elements, 
layer elements on the cover element upon the substrate 
protrusion elements and also layer elements near the 
substrate protrusion elements and on the cover ele- 
20 ment. A following lift-off procedure removes the cover 
element with the layer elements, such that the substrate 
protrusion elements remain with the layer elements 
exactly aligned thereupon. 

25 ADVANTAGES OF THE INVENTION 

[0025] In the dependent claims, various modifica- 
tions and improvements of the investigation and/or 
manipulation device are contained. 

so [0026] When the light-guiding protrusion element 
comprises an elastomer, it inherently provides a prop- 
erty which is suited for achieving a high degree of con- 
formity towards the cover element. 
[0027] When the light-guiding protrusion element 

35 comprises a material which has a refractive index which 
effects that the incident light is guided therein by internal 
reflection, no or only few or less effective means need 
be provided to achieve internal reflection. The internal 
reflection is a practical effect used to obtain the desired 

ao contrast. 

[0028] A refractive-index match between the mate- 
rials of the light-guiding protrusion element and of the 
cover element is advantageous because the coupling 
efficiency is increased. The preciser the match, the 

45 higher is the difference against a surrounding medium 
which has a refractive-index difference compared to the 
material of the patterning device. With the refractive- 
index match grows the obtainable contrast. Hence the 
advantage of a material which connects the surfaces of 

so the light-guiding protrusion element and of the cover 
element with each other such that an eventual disconti- 
nuity in the refractive-index profile becomes 
smoothened, is apparent. Such a material can ideally 
be a liquid such as an oil 

£5 [0029] Using reflecting means for increasing the 
rmc-ir.: r ; hc:h: ftflerif-r fcr-.rt mu thf imeiic cMhf p&: 
terning aevice at positions wneie no leaving ot that light 
is desired, increases the achievable contrast in two 
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ways. On one hand, less light is leaving at these posi- 
tions. On the other hand, this light is led to the positions 
with contact to the cover element where this light con- 
tributes to the desired illumination. The below-described 
amplification thereby is increased. 
[0030] The most easy-to-manufacture reflecting 
means are a simple cover layer or a Bragg-grating. 
[0031] The patterning device may in an advanta- 
geous manner be designed such that it is held on the 
cover element merely by gravitational forces and/or 
interfacial forces. No additional force need be exerted 
on the patterning device which leads to a lower proba- 
bility of wear and hence a higher rate of repetabte use of 
one single patterning device. Furthermore, the absence 
of additional forces decreases the probability of a defor- 
mation of the patterning device which leads to a higher 
patterning precision. Third, this renders superfluous the 
provision of a respective force-exerting mechanism 
which makes the apparatus and method for pattering 
cheaper. 

[0032] The wavelength of the light insofar plays a 
role as it may limit the achievable pattern definition, i.e. 
the minimum feature size. It is also influencing the 
resulting pattern in that eventual interferential effects 
can occur depending on the geometrical dimensions of 
the patterning device. 

[0033] It is another important advantage that no 
imaging optics are required. Large areas can be struc- 
tured in single exposures since the present approach is 
inherently parallel as all features on the substrate can 
be exposed simultaneously, thereby providing a high 
throughput. The device and method can be used for 
large field images and is thus well suited for the manu- 
facturing of displays as well as the batch-processing of 
semiconductor chips, such as DRAMs and so forth, and 
wherever else the formation of high-density small struc- 
tures is required. The patterning device and method is 
also well suited for the formation of micro-mechanical 
structures. 

[0034] The elastomeric patterning device can be 
easily replicated from a master copy, and each replica 
can be used many times. In the case of an unstructured 
patterning device, not even a replication is needed. The 
absence of need of alignment or at least the need only 
of a coarse alignment is a particular advantage because 
the alignment step is one of the most cost-intensive and 
yield-reducing steps in manufacturing. On the other 
hand, if alignment is used, at least the yield is signifi- 
cantly increased by the reduced alignment definition 
requirement. 

[0035] It is another advantage that compatibility 
with existing resist and processing technologies is 
maintained which again leads to less costly production 
becasue no new machinery is needed. 
[0036] It is a further advantage that one can make 
tj«f cMt.t hjc> f.mum: & exoent-nc f ir. tnt oh ic:* f."n 
handling oi lesistt, because tesists can be usea at tru 
cover element. This avoids mistakes and seacrh for the 



optimum processing parameters. The manufacturing 
process gets cheaper and has a higher yield. 
[0037] It is a further advantage, that multiple wave- 
lengths can be used without adjustment of the light- 
£ guiding element, since lenses are not used. This makes 
the apparatus for illumination cheaper and easier to 
handle. 

[0038] It is another advantage that the time of expo- 
sure is shorter than in case of conventional masks 
to because lenses and other means do not block, absorb 
or scatter the light unproductively. The shortended 
■ exposure time leads to higher production throughput 
and energy- and material saving. 

is DESCRIPTION OF THE DRAWINGS 

[0039] The invention is described in detail below 
with reference to the following schematic drawings: 

20 Fig. la a cross-section of a patterning device in 
contact with a substrate with a cover ele- 
ment. 

Fig. lb the substrate of fig. la with the developed 
2S part of the cover element removed, 

Fig. 1c the arrangement of fig. 1b with layer ele- 
ments deposited on it, 

30 Fig. Id the arrangement of fig. 1c with the whole 
cover element removed, 

Fig. 2a the patterning device with no reflecting ele- 
ment. 

35 

Fig. 2b the patterning device with two inclined 
planes as reflecting element, 

Fig. 2c the patterning device with a reflective layer 
ac as reflecting element, 

Fig. 2d the patterning device with a Bragg grating 
as reflecting element, 

45 Fig. 2e the patterning device with a light-blocking 
layer as the reflecting element, 

Fig. 3 a magnetized view of a light-guiding protru- 
sion element contacting the cover element, 

50 

Fig. 4 a patterned resist structure illuminated with 
a flat stamp to increase the aspect ratio of 
the preexisting feature, 

sr Fig. 5 a patterned resist structure illuminated with 

i tin mi wjri{ (-vt netc (-n; hah: tc c/fcrtf '< 
thin layei with mcieasea permeability. 
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DETAILED DESCRIPTION 

[0040] In figure la an arrangement for patterning a 
substrate 2 is shown. 

[0041] The substrate 2 is generally a llat layer, e.g. 
made of silicon. It bears several substrate protrusion 
elements, also called protrusion elements 3, on its 
upper surface. The surface of the substrate 2 with the 
substrate protrusion elements 3 is covered with a layer 
made of light-sensitive material, called the cover ele- 
ment 4. The thickness of this cover element 4 is here 
smaller than the height of the substrate protrusion ele- 
ments 3. Thereby the cover element 4 is separated into 
several non-connected portions. Some of these por- 
tions fill the spaces between the substrate protrusion 
elements 3 and some of them rest on top of the sub- 
strate protrusion elements 3. 

[0042] A patterning device 1 0 comprises a flat light- 
guiding body element 1 which is unified with several 
light-guiding protrusion elements 6 at its underside. 
Between the light-guiding protrusion elements 6, a 
reflecting means 8 is arranged. The patterning device 
10 is positioned on the substrate 2 such that the light- 
guiding protrusion elements 6 get into contact with 
some portions of the cover element 4, all of which are 
on top of a respective substrate protrusion element 3. 
[0043] The material of the patterning device 10 is 
chosen elastic, such that the contact between the light- 
guiding protrusion elements 6 and the adjacent cover 
element 4 is conformal. The surfaces of the light-guiding 
protrusion elements 6 which get into contact with the 
cover element 4 hence to some extent adapt to the sur- 
face of the cover element 4. Furthermore, the material 
of the patterning device 10. or more particularly of its 
light-guiding protrusion elements 6. is chosen to have a 
refractive index which matches the refractive index ol 
the material of the cover element 4. 'Matching' means 
here that the difference between these refractive indices 
should be as low as possible. A decisive influence on 
this parameter has also the refractive index of the 
medium in which the described arrangement is situated. 
More particularly, it is the medium which fills the space 
between the surface of the patterning device 10 and the 
substrate 2. and even more precisely, it is the medium 
which is adjacent to the surfaces of the light-guiding 
protrusion elements 6. The refractive index of this 
medium should be as different as possible from the 
refractive indices of the materials of the light-guiding 
protrusion elements 6 and of the cover element 4. The 
higher this difference is, the higher may be the tolerable 
refactive index difference between the material of the 
cover element 4 and of the light-guiding protrusion ele- 
ments 6. 

[0044] The patterning device 10 is illuminated liorr. 
a light source 5 with light 7 incident on the patterning 
o*-vic » "f ftcr m uppe- Lici* "ht lich: i: I'ifit* c.cjpiK 
into the panei mng aevice 10 ai its uppei sunace. Iht 
light 7 enters the patterning device 10 and then propa- 



gates through it. The patterning device 10 provides a 
light-guiding function for the light 7 in that it guides it to 
the light-guiding protrusion elements 6 and from there 
to those parts of the cover element 4 which are in con- 

5 tact with the light-guiding protrusion elements 6. For the 
guiding function, on one hand, the light 7 which enters 
the patterning device 10 is reflected back into the inter- 
nal of the patterning device 10 by the reflecting element 
8. on the other hand, the interface between the light- 

70 guiding body element 1 and the surrounding medium 
also effects such a reflection, particularly becasue of 
the refractive index difference. The patterning device 10 
hence serves as a lightwaveguide. 
[0045] Air is here exemplarily contemplated as the 

is surrounding material. When used in an environment 
other than air. such as an inert gas, liquid or the like, a 
material with an appropriate refractive index may be 
used for the patterning device 10 to ensure that the light 
7 is properly guided by means of internal reflection. 

20 [0046] The material of the patterning device 1 0 and 
the material of the cover element 4 have refractive indi- 
ces which are here chosen as close together as possi- 
ble. When these materials have well-matching refractive 
indices and are in conformal contact to each other, elec- 
ts tromagnetic fields can propagate across their interface 
without or with only low dispersal. Conversely, the light 
7 at refractive-index-mismatched surfaces, such as at 
the interface of the patterning device 10 towards the 
surrounding air, is more strongly reflected. 

3D [0047] The structure of the substrate 2, namely the 
existence of the substrate protrusion elements 3. gives 
rise to localized coupling of the light 7 out of the pattern- 
ing device 10 into the cover element 4. It already 
becomes apparent that the patterning device 10 need 

35 not be structured, i.e. have the light-guiding protrusion 
elements 6. but can be even a flat sheet, layer, disk or 
the like which simply is laid upon the structured sub- 
strate 2. 

[0048] The conformity of the contact between the 

40 patterning device 10 and the cover element 4 adds to 
the index-matching in that the gap between the pattern- 
ing device 10 and the cover element 4 is minimized and 
as a consequence, the disturbing effect of a different 
refractive index of the surrounding medium is reduced. 

45 [0049] The better the coupling conformity between 
the cover element 4 and the patterning device 10 and 
the better the index match, the higher is the resulting 
illumination contrast between the parts of the cover ele- 
ment 4 which are in contact with the patterning device 

so 10 and those parts of the cover element 4 which are not 
in contact with the patterning device 10. The best con- 
formity effects that the refractive index appears continu- 
ous across the interface between the patterning device 
10, respectively the light-guiding protrusion elements 6 

£5 and the cover element 4 in contact 

[0050] c (.r,\ihi ' ii impot'tan; becaui » '* n» ;c 

mines the piecision ot the lesult which is to be achievec 
with the locally selective exposure of the cover element 
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4. For better understanding, the contact between the 
light-guiding protrusion elements 6 and the cover ele- 
ment 4 is depicted in a magnetized view in figure 3. 
[0051] The touching surfaces of the light-guiding 
protrusion elements 6 and the cover element 4 define 
regions of strong lateral confinement for the light 7, 
which means that it prefers to leave the patterning 
device 10 through the interfaces which are in contact 
with the cover element 4. It has been found that the light 
7 is not only confined but also amplified in the contact- 
ing regions. The electromagnetic field prefers to propa- 
gate along paths of higher polarizability as it travels 
through the patterning device 10. The light 7 even expe- 
riences an amplification depending on the geometrical 
dimensions of the arrangement. More precisely, the 
ratio between the area where the light-guiding protru- 
sion elements 6 and cover element 4 are in contact and 
the area where no such contact exists, is directly related 
to the extent of amplification. Simply spoken, the light 7 
which is prevented from leaving the patterning device 
1 0 at its interfaces to the surrounding medium, is for 
sake of preservation of energy, instead leaving the pat- 
terning device 10 through the interfaces which are in 
contact with the cover element 4. 
[0052] The achieved effect is hence that much more 
light enters the cover element 4 where it is in contact 
with the light-guiding protrusion elements 6 than light 
enters the cover element 4 where it is not in contact with 
the light-guiding protrusion elements 6. 
[0053] The material of the cover element 4 is light- 
sensitive and is chemically altered by the illumination. 
Hence, after illumination, the layer of light-sensitive 
material is patterned. Because of the regions which are 
filled with the surrounding medium with a different 
refractive index, the light 7 has remained sufficiently 
confined to provide contrast in its intensity at the inter- 
face between the light-guiding protrusion elements 6 
and the cover element 4 to be patterned. The conformity 
of the light-guiding protrusion elements 6 ensures a 
high level of coupling and leads to a close index match 
at the interface to the cover element 4 and thus sup- 
presses unfavorable scattering of light. Hence, the 
resulting contrast between the parts of the cover ele- 
ment 4 which are to be illuminated and those parts of 
the cover element 4 which are not to be illuminated is 
increased. 

[0054] After a predetermined time of illumination, 
the patterning device 10 is removed from the substrate 
2 with the substrate protrusion elements 3. 
[0055] The material of the cover element 4 serves 
as a kind of pholoresist for the underlying material of the 
substrate 2 with the substrate protrusion elements 3. 
Here the material is a positive resist, i.e. a resist where 
the ateas which were exposed to the light 7 become sol- 
uble in a solvent. Hence only the areas which were not 
expot k u f it liph: */ reman" s.tabi* whf c-xi:>ounc th* 
lesisi ic tnt appiopnate solvent, wntcn it cahea aevei- 
oping. 



[0056] Figure 1 b shows the situation after the expo- 
sure to the light 7, removal of the patterning device 10 
and subsequent developing. The parts of the cover ele- 
ment 4 which have been in contact with the patterning 

5 device 1 0 through its light-guiding protrusion elements 6 
and hence have been exposed to the light 7, are 
removed in the development process, such that the 
underlying material of the substrate protrusion elements 
3 is uncovered. 

io [0057] The blocking function of the patterning 
device 10, i.e. the function of hindering the light 7 to 
leave the patterning device at positions where it should 
instead be reflected back to the internal may be 
improved by adding additional means. Also the light- 

75 guiding and coupling properties of the light-guiding pro- 
trusion elements 6 may be improved by appropriate 
measures. 

[0058] The exposing light 7 can be polarized, mon- 
ochromatic, polychromatic or incoherent, preferably 

20 with wavelengths between 800 and 200 nm. Broadband 
light can be generated by a mercury lamp, for example. 
Argon ion lasers, YAG lasers, KrF lasers can be used as 
the light source 5. The light source 5 may be a far field, 
unfocused source. The light 7 emitted by the light 

25 source 5 can be coupled into the patterning device 10 
through any of its interfaces. The light 7 might be cou- 
pled into the patterning device 10 by means of a 
waveguide or a fiber from the top or side. The wave- 
length of the light 7 may be chosen optimized for a par* 

30 ticular application. The light 7 may be pulsed, if deemed 
appropriate. Additionally, the light 7 can be scanned 
over the patterning device 10 or projected onto it in a 
pattern, e.g. when a projection system with an addi- 
tional mask is used as the light source 5. 

35 [0059] The interface to the surrounding medium 
should be designed such that the light 7 is guided by 
means of internal reflection towards the light-guiding 
protrusion elements 6 which are in conformal contact 
with the parts of the cover element 4 to be exposed. At 

40 the interface between the ends of the light-guiding pro- 
trusion elements 6 and the cover element 4, the light 7 
is coupled right into the cover element 4, i.e. the 
arrangement there should be designed such that this 
coupling between light-guiding protrusion element 6 

45 and cover element 4 is efficient. 

[0060] Practically, modulations in the light intensity 
of a factor of two and even less between areas on the 
cover element 4 in and out of contact with the end of the 
light-guiding protrusion elements 6 provide sufficient dif- 

so ference in the resulting exposure of the contacted parts 
of the cover element 4 compared to the noncontacted 
parts of the cover element 4. 

[0061] Part of the light 7 leaking out of the pattern- 
ing device 10 at positions where the light-guiding protru 
55 sion elements 6 do not touch the cover element 4 lowers 

tht cc nitf-.j ' •efie-CMx. eif-mf-'": { car alsc ikuk* 
such mterteience-baseo contrast leouciion. but it noi 
generally needed. 
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[0062] The coupling efficiency depends on the 
refractive index of both the light-guiding element 6 and 
the cover element 4, on the wavelength or wavelength 
range if polychromatic light is used. There are different 
means how to optimize the coupling efficiency. The prin- 
cipal target is to reduce a refractive index discontinuity 
between the light-guiding protrusion element 6 and the 
cover element 4 to scales less than the wavelength. 
This situation is most readily accomplished by confor- 
mal contact between the two surfaces, that is an inti- 
mate matching between the two surfaces. Ideally, the 
index of both the light-guiding protrusion element 6 and 
the cover element 4 are as high as possible since this 
causes a decrease in the effective wavelength of illumi- 
nation used to carry out the lithography. Several possi- 
bilities exist to achieve this conformity. 
[0063] First, pressure can be applied to sandwich 
the substrate 2 and the patterning device 10 together. 
Second, the cover element 4 can be made compliant by 
control over its composition and handling, allowing it to 
accommodate to the surface of the light-guiding protru- 
sion elements 6 of the patterning device 10, insuring an 
intimate contact. Third, a thin layer of index-matching 
material can be added to the light-guiding protrusion 
elements 6 like a viscous oil or polymer that serves to 
couple optically the light-guiding protrusion elements 6 
to the cover element 4. The index-matching material is 
understood here to be compliant and can even be local- 
ized to the light-guiding protrusion elements 6 to main- 
tain the overall refractive index contrast. Fourth, the 
patterning device 10, particularly the light-guiding pro- 
trusion elements 6, can be made from a material like an 
elastomer that provides for the compliancy on contact 
between it and the cover element 4. The patterning 
device 10 may be additionally attached to a substrate 
that is at least partially translucent and harder in order 
to facilitate handling and bulk-positioning of the light- 
guiding element. 

[0064] The resolution of the present approach is not 
strictly proportional to the wavelength of the light 
source, as in conventional photolithography systems. 
Due to the fact that the light-guiding protrusion element 
6 replaces the conventionally used mask, resolutions 
around X/2n can be obtained. 

[0065] Conventionally available resists can be used 
as the cover element 4. Generally suited are photore- 
sists based on cresols (Novalacs). as are acrylates or 
styrenes and their mixtures, for example. Positive as 
well as negative tone resists can be employed. One may 
also use amplified resists to improve the ratio 
(width/depth) the features which are provided after 
exposure and development. Also used may be an opti- 
cally resist, such as the SU-8 negative tone resist that 
itself displays differential light guiding effects on expo- 
sure Bilayer. trilayer and top-sur1ace imaping-resist 

5 f fif-'Yit-: £;lt fill COlVlpaliijit rJV' V.'1-i SlIW to Witt 

the piesent lighi-coupling stiuciuies. Deiails aboui 
resists are given in text books and other publications 



such as the special issue of IBM's Journal of Research 
and Development with title "Optical Lithography", Vol. 
41, No. 1/2, January/March 1997. 
[0066] The exposure time can be chosen depend- 

s ent on various parameters such as the light wavelength, 
absorbance in the light-guiding protrusion element 6, 
sensitivity of the material of the cover element 4, cou- 
pling efficiency of the patterning device 10 (or light-guid- 
ing protrusion element 6 in the present context), 

w thickness of the cover element 4, contrast, and so forth. 
[0067] In the following, a patterning device 10 with 
several light-guiding protrusion elements 6 and a 
method for making such a patterning device 10 are 
described in detail. Well suited are polymers. The pat- 

is terning device 10 can be formed as a replica from a 
master structure. 

[0068] Several properties of the ideal polymer to 
form the patterning device 10 as a replica can be identi- 
fied. First, the polymer should have a refractive index 

20 that is similar to that of the targeted cover element 4. 
Second, the polymer should be capable of stable struc- 
ture definition on its surface where the aspect ratio, i.e. 
the thickness of the structure to one of its areal dimen- 
sions, is at least 0.1 . Third, the materia! should be tough 

25 and somewhat compliant, allowing it to adapt to the sur- 
face of the cover element 4 on which it is placed, partic- 
ularly where no other forces than gravity and interfacial 
energy are used to bring the two in contact. Fourth, the 
surface energy of the polymer is ideally low so that its 

30 contact with the cover element 4 is reversible and does 
not leave materials on the cover element 4 or tend to 
destroy it. Fifth, the material should be somewhat trans- 
lucent to the targeted wavelength of illumination in order 
to allow the passage of the light 7 through, and out of, 

35 the light-guiding protrusion elements 6. Sixth, the mate- 
rial should flow at some stage in its processing, either 
by melting it or by forming the polymer directly in the 
mold by chemical reaction. Seventh, the density 
changes and stresses associated with the previous 

40 requirement should be insufficient to cause breakage of 
the master or its incomplete replication. Eighth, the 
material should allow conformal contact, as described 
above. Siloxanes, made by addition of tow-molecular- 
weight silane containing crosslinkers to mixtures of 

45 branched and linear olefin-terminated siloxane back- 
bones have proved particularly advantageous in the 
above regards. Siloxane materials resulting from such 
mixtures can have surface energies of -25 mN/m, 
strengths of - 10 Mpa and a viscosities of -1000 cSt in 

so their pre-polymer form and allow the lormation of useful 
light-guiding protrusion elements 6 at, below, 100 nm 
feature scales, while maintaining the necessary con- 
formity. Other materials based on carbon elastomers 
are also well suited to the application, as are combina- 

5f tions of these materials with silica or siloxane-contain- 
ir'ii u\\t-<: C-O'ViDirir.iion: cA o:cr.'"»n mMHtcti: f-.nc 
inotganic materials into composite sttuciures can prove 
particularly advantageous where a given material type 
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is chosen to satisfy the required physical properties of a 
specific light-guiding protrusion element 6. as dis- 
cussed above. 

[0069] In general, the material used for the forma- 
tion of the light-guiding protrusion element 6 should be 
such that viable definition of features down to the size of 
the features - which are to be formed in a cover element 
4 and maybe also in the underlying substrate 2, since 
the present process is a true 1 :1 process - possible. In 
other words, if a pillar or ridge of 90nm width is to be 
formed on a semiconductor substrate, the width of the 
respective light-guiding protrusion element 6 has to be 
90nm, too, provided that a positive resist is used as the 
cover element 4. 

[0070] If the patterning device 10 is structured, it 
can be made by curing a polymer on a master with the 
negative structure of the surface of the desired light- 
guiding protrusion element 6. This results in an elasto- 
meric solid with the light-guiding protrusion element 6. 
The master can be formed using electron beam defini- 
tion, for example. The time and money invested in the 
making of a precise, high resolution master is amortized 
by making many replicas, each capable of being used in 
the manufacturing of semiconductor circuits, for exam- 
ple. Each of the replicas can be used several times and 
if made of elastomer does not tend to break. 
[0071] The light-guiding protrusion element 6 
should be designed such that it can be brought into con- 
formal contact with the cover element 4, because the 
whole process relies on the efficient coupling of the light 
7 from the light-guiding protrusion element 6 into the 
cover element 4. 

[0072] The light-guiding protrusion elements 6 can 
have almost any shape and size. The most important 
advantage of the invention lies in the fact that the pat- 
terning device 1 0 in fact can also be used in an unstruc- 
tured version which simply makes use of the structures 
on the substrate 2. This embodiment can also be seen 
as one big single light -guiding protrusion element 6. 
[0073] For master formation, a silicon wafer can be 
covered with a 100 nm thick layer of plasma -deposited 
silica in a homogeneous film. Polymethylmethacrylate 
polymer (980K), dissolved in clorobenzene to 15% sol- 
ids, can be spun on the wafer to form a 1 00 nm thick film 
of this resist material on the substrate 2. The resist is 
selectively altered by its patterned exposure to a current 
of 100 KeV electrons using an e-beam mask-writer tool. 
Differential dissolution of the resist in acetone aftei 
exposure reveals a pattern of features in a periodic 
array with sizes down to 1 00 nm on the substrate. This 
pattern is transferred into the silica layer on the sub- 
strate 2 using a fluorine based reactive ion etching (RIE) 
chemistry that has an excellent selectively towards sili- 
con. The RIE process stops when the underlying silicon 
layer is reached thus ensuring a uniform development of 
feahnei ir. thf tilici lave- witr saucer: bottom* to^mn 
at the interlace witn silicon. Latei tnis tact will neip tc 
insure the excellent definition of the light-guiding protru- 



sion elements 6. The substrate 2 is ashed in an oxygen 
plasma to remove residual organics and then 10 nm of 
a f luorinated polymer is deposited by a plasma-assisted 
process all over the substrate 2 to provide it with a low- 
£ surface free-energy coating (15 mN An). This layer is 
essential to allow release of cured formed replica in the 
subsequent processing steps. 

[0074] The light-guiding protrusion element 6 can 
be prepared by its replication from the master in that a 

io mixture of - 6.5g vinylmethyl siloxane-dimethyl sitoxane 
copolymer (- 1000 cSt. VDT 731 Gelest, Karlsruhe, 
Germany) and ~ 2 g methylhydrosiloxane-dimethylsi- 
loxane copolymer (30 cSt, HMS 301 , Gelest) and ~ 450 
mg of fused silica particles (~ 20 nm in size, Gelest) is 

is prepared with - 5 ppm of platinum catalyst. This mixture 
is poured directly onto the aforementioned master and 
cured in an oven at 60° for 24 h. The replica is released 
by peeling it by hand from the master. The replica has a 
surface energy of 23 mN/m, a strength of 10 Mpa and a 

20 hardness which is about 3% of that of glass. All of the 
features present on the master are faithfully reproduced 
in its replica according to the procedure above as deter- 
mined by scanning electron microscopy (SEM), where a 
depression on the master is now a raised structure on 

?e the surface of the replica. A gold layer, 5 nm thick, is 
evaporated on top of the structures side of the replica. 
The replica so treated is then placed in contact with a 
silicon wafer having a layer of 1 nm of titanium followed 
by a layer of 30 nm of gold freshly evaporated on its sur- 

30 face; the gold on this surface is then treated by its expo- 
sure to the vapors of a 1 ,1 0 decanedithiol (Aldrich) for 5 
minutes. After contact and release occurs between the 
surface of the replica and the treated gold surface of the 
silicon wafer, gold is selectively removed from the tops 

35 of the protruding surfaces of the replica, left behind on 
the treated gold surface of the silicon wafer by the adhe- 
sive contact between the two, mediated by the presence 
of thiol-terminated organic molecules at their interface. 
[0075] A 600 nm thick layer of Shipley 6612 (nova- 

40 lac) photoresist is spun-coated on the surface of a sili- 
con wafer previously treated with hexamethyldisilazide 
acting as an adhesion promoter for the cover element 4. 
A 20-minute-bake of the substrate 2 is carried out at 
90°. The light-guiding protrusion element 6 described 

45 above is placed by hand on top of the photoresist which 
makes out the cover element 4 on the substrate 2 where 
gravity and interfacial forces between the two maintains 
their intimate conformal contact. Pulses from a KrF 
laser, (200, each 20 ns and 300 mJ) are used as the 

so light 7 to expose the cover element 4. Then follows the 
developing process with a Shipley 400K according to 
the instructions of the manufacturer. 
[0076] Because the light-guiding protrusion ele- 
ments 6 are typically transparent, check-and-correct 

£.* schemes of alignment become possible. The position of 
t'.f lichi-cuiainc. pi ciuii !(.■■■ f-ieme-'Mi ( Lb'-', u rie-i'f.tiveu 
mampuiatea on the covet element 4 until h tmai posi- 
tional placement is satisfied prior to the exposure. This 
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type of alignment is not obviously possible with the cur- 
rently used optical projection techniques that must rely 
instead on absolute knowledge of the substrate's loca- 
tion to achieve overlay accuracy. In fact, the needed 
alignment is here coarser since the light-guiding protru- 
sion elements 6 need not have the definition of the 
finally to produce pattern. This definition is already pro- 
vided by the substrate 2 with its substrate protrusion 
elements 3. Hence, the alignment can be left more 
unprecise or even totally renounced in the case of an 
unstructured patterning device 10. 
[0077] It is another advantage that the topology of 
the substrate 2 need not be strictly planar. The light- 
guiding protrusion elements 6 allow some accommoda- 
tion of surface roughness. 

[0078] The light-guiding protrusion elements 6 may 
be combined with additional elements as illustrated in 
Figures 2a-2e. The shown light-guiding protrusion ele- 
ments 6 have all in common that there are special 
means provided such that the internal reflections at the 
interface between the light-guiding protrusion element 6 
and air are improved. 

[0079] In Figure 2a, the simplest approach is 
shown. The abrupt change in refractive index at the 
interlace provides for a back-reflection of the incident 
light 7. 

[0080] In Figure 2b, an embodiment is shown where 
the area between two light-guiding protrusion elements 
6 has sloped interfaces 51 to improve the internal reflec- 
tions. 

[0081] Another approach is shown in Figure 2c. 
Here, a reflecting layer 52, such as a metal (gold) layer 
is deposited that area to increase the internal reflection, 
as shown in the example above. 
[0082] A grating 53. as shown in Figure 2d, shows 
similar effects. 

[0083] The light-guiding protrusion elements 6 
described so far can be improved by applying a light- 
blocking layer 54 to certain of the interfaces of the struc- 
ture, as schematically illustrated in Figure 2e. The light- 
blocking layer 54 in the present example covers the 
interfaces 55 of the patterning device 10 facing the sub- 
strate 2 and maybe some parts of the cover element 4, 
as well as the side walls 56 of the light-guiding protru- 
sion elements 6. 

[0084] In the following it isdescribed how the pat- 
terning device 10 can be used in a manulacturing proc- 
ess. 

[0085] First, a cover element 4 is formed on a sub- 
strate 2 to be patterned. Different methods are known in 
the art how such a cover element 4 can be formed. 
Then the patterning device 10 defined according to the 
present invention, is put onto the cover element 4. If the 
patterning device 10 is flexible, it may be rolled onto the 
cover element 4. The position of the patterning device 
*".( wir leLLit-r: u tf.f tubitrati me-.* t.» r.ec.KK oo\- 
caliy. A positioning apparatus may be usee to conect 
the position providing for a lateral relative movement 



between the patterning device 10 and the substrate 2. 
[0086] Now the patterning device 10 may be 
pressed against the cover element 4 to improve the cou- 
pling efficiency. This step can be omitted depending on 

5 the circumstances. The light source 5 is then turned on 
either in constant or pulsed mode. The light 7 emitted by 
the light source 5 and coupled into the patterning device 
1 0 is automatically guided towards the light-guiding pro- 
trusion elements 6, where it is directly coupled into the 

w cover element 4. The cover element 4 is exposed right 
underneath these light-guiding protrusion elements 6. 
At the end of the exposure process (if sufficient expo- 
sure has been achieved) the light 7 is turned off, and the 
patterning device 10 is removed. Several wavelengths 

i5 of the light 7 can be used to help suppress interference 
effects in the waveguiding structures when these struc- 
tures have a variety of width, as can occur when these 
structures are larger than the nominal wavelengths. 
[0087] Anti -reflection coatings and other such 

20 means can be added to the substrate 2 or the cover ele- 
ment 4 to suppress backref lections. 
[0088] Then, the light-sensitive material of the cover 
element 4 is developed using a development step. In 
case of a positive-tone resist, the exposed parts of the 

25 cover element 4 are removed during the development 
step. If a negative-tone resist is employed, only those 
parts of the cover element 4 which were not exposed to 
the light 7 are removed. A subsequent step can deposit 
also for the negative-tone example the auxiliary layer 

30 which then is deposited on the substrate 2, on the 
exposed parts of the cover element 4 and on the sub- 
state protrusion elements 3 which no longer bear any 
part of the cover element 4. 

[0089] A not depicted embodiment comprises a 
35 combination of structured patterning device 10 and 
structured substrate 2 in which the contact between at 
least one light-guiding protrusion element 6 and the 
cover element 4 is only partial in that the facing surfaces 
of them only partially overlap. This variation can be 
ao used to obtain even smaller features and particularly 
only partial patterns on top of the substrate protrusion 
elements 3, although the alignment needs only the 
standard definition dictated by the structure definition of 
the substrate 2. 
45 [0090] A hard -backing step may be carried out 
before the next steps. 

[0091] The remaining pans of the cover element 4 
now can serve as a mask protecting certain areas of the 
substrate 2 from being etched away. A wet or dry-etch 
so step can then be used to transfer the lateral shape and 
size of the remaining parts of the cover element 4 into 
the substrate 2. Then, the cover element 4 is completely 
removed, e.g. ashed away. 

[0092] Alternatively, e.g. a mesa -structure can be 
£5 built, by depositing the auxiliary layer on the arrange 
men: A lrt;-ot* p'orenuu c^.r iemovf thf cove- eiewv 
4 with the layer elements b on it. 
[0093] The contact between the patterning device 
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10, herein also relerred to as stamp, and the substrate 
2 via the cover element 4 allows another contrast mech- 
anism with a potentially higher lateral resolution: The 
cover element 4 in form of molecules can serve as a 
sort of "ink" which is stamped selectively onto the sub- 
strate 10. 

[0094] The patterning device 10 can therefor be 
partially or totally covered with the molecules which are 
then "stamped" onto the substrate 2, which here is 
structured to have the depressions and the protrusion 
elements 3. For making the molecules stick to the stamp 
2, some preparation or derivatization may be needed. 
For instance a self-assembling monolayer of molecules 
may be created on the stamp 10, which then is trans- 
ferred to the substrate 2. 

[0095] The molecules are then only applied to the 
substrate 2 in areas of mechanical contact between the 
stamp 10 via the cover element 4, i.e. the molecules, 
and the substrate 2 due to the light-guiding property of 
the patterning device 10. This means that the molecules 
4 only adhere to the substrate 2 where they are in con- 
tact with the substrate 2 and the stamp 4, and are illumi- 
nated. After lifting the stamp 10 off the substrate 2, a 
pattern of the molecules 4 remains on the substrate 2, 
respectively on its protruding elements 3. 
[0096] The same is possible with any intermediate 
layer which covers the substrate 2, i.e. also a photore- 
sist. Hence the substrate 2 with the photoresist, as 
depicted in figure 1. can be also patterned with this 
method. Generally, when in this description a substrate 
2 is mentioned, any sequence of layers together serving 
as the substrate 2 is meant. In that sense the substrate 
together with an intermediate layer is again a substrate. 
The molecules 4 can also be applied to the structured 
substrate 2 first and then be brought into contact with 
the stamp 10 which then provides for the selective illu- 
mination. 

[0097] The application of the molecules 4 as prepa- 
ration for the stamping process can either be done 
selectively by pressing a sort of ink cushion with the 
molecules 4 on the stamp 10, where they then adhere 
only to the protruding sections of the stamp 10 in the 
case the stamp 10 is structured, or generally by dipping 
the the stamp 10 into a molecule-containing liquid such 
that the molecules 4 adhere to the whole immersed sur- 
face of the stamp 10. In principle it is also possible to 
have the molecules 4 brought with one of this methods 
to the substrate surface before contacting with the 
stamp 10. The molecules 4 chemically modified by illu- 
mination can then be separated from the non-modified 
molecules 4 by some subsequent process step, which 
e.g. removes the non-modified molecules 4 from the 
substrate surface. 

[0098] Replication that is based on contact-printing 
naturally suffers from imperfect layers because entropi- 
c.nll\ ; IOC'S, (.orrDieu Ir.ye is nc* tavoiirabw Combin; 
lion oi the mechanical tianstei ot the moiecuiet ^ with a 
light-induced chemistry that selectively processes the 



contacting molecules 4 has the potential to multiply both 
contrast mechanisms and, therefore, create a resulting 
contrast that is higher than is possible with each sepa- 
rate method alone, because with light as an external 

5 energy source the system is entropically no longer 
closed and the reaction can be driven to 100% comple- 
tion. An example of a light-activated molecule 4 that 
selectively only reacts when illuminated is a photocleav- 
able acid generator and linear alkane molecule termi- 

70 nated with an aldehyd function. In the case, when the 
molecules 4 are themselves applied to the substrate or 
the stamp in a patterned arrangement, the contrast is 
again increased. Also different molecule types can be 
used in parrallel or sequentially. 

is [0099] Contrast enhancement can also be achieved 
on structured resist surfaces that have been produced 
using embossing. In theory, a shim that is pressed 
ontop of a spinned resist displaces the material above 
its glas transition temperature completely below protru- 

20 sions of the shim and the material flows into depressed 
areas. This process is, however, limited to only small lat- 
eral dimensions and requires a constant ratio between 
protrusion and depression area for materials with a 
usual viscosity. In all other cases the resist cannot be 

25 fully displaced and has to be post-processed, in order to 
obtain areas with and without resist. It is known to 
remove this remaining flat layer by a uniform etch that 
also removes part of the thick structures and. thereby, 
reduces the total thickness contrast. 

so [0100] The invention can here be used to perform 
substrate patterning even with the embossed photore- 
sist, which represents the cover element 4 which is 
structured in itself, i.e. has depressions and protrusion 
elements 1 1 . 

35 [0101] Figure 4 shows an arrangement with the 
substrate 2 being unstructured while the thereupon 
deposited cover element 4 is structured and hence 
comprises protrusion elements 11. The structuring of 
the cover element 4 may be the result of an embossing 

40 step. Upon this arrangement the stamp 10. which here 
is also unstructured, is lowered and gets into contact 
with the protrusion elements 11. Upon illumination with 
the incident light 7, the light enters the cover element 4 
to the major extent through the protrusion elements 1 1 . 

45 Hence the cover element 4. which is made up of light- 
sensitive material, is chemically modified mainly at the 
positions of the protrusion elements 11. A subsequent 
developing step hence is able to remove the areas 
beneath the protrusion elements 1 1 . The protrusion ele- 

so ments 1 1 are not harmed and hence the aspect ratio of 
the cover element features is even improved. 
[0102] Illumination of the photosensitive resist 
material through the stamp 10 can be used to selec- 
tively remove material outside zones of mechanical con- 

se tact and even to photochemically harden the protruding 
eiement: c' th» cow- elemen: t- "Thf ovei'r.l cornier 
can theieby De maximizec 

[0103] For example, to produce 100 nm wide fea- 
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lures, a 200 nm thick layer of a negative resist, e.g. NA 
410 diluted with additional solvent, is spun onto the sub- 
strate and embossed using a shim with a 100 nm deep 
pattern. This creates a 100 nm high and 100 nm wide 
topography on the resist surface. An unpatterned PDMS 
stamp, e.g. VDT 731 or HMS 301, is put into contact 
with the surfaces of the protrusions of the cover element 
4 but not with the surfaces of its depressed regions, and 
illuminated. This creates an amplitude contrast which is 
used to selectively harden the protrusions as well as the 
volume directly beneath this region. After that, the 
exposed substrate 2 with the cover element 4 is 
immersed into a developer thus creating 100 nm wide 
and 200 nm high patterns and stripping the resist in the 
other areas. This resist pattern can now be directly used 
in a RIE for transfer of the pattern into Si for example. 
The maximal depth of the pattern in Si is restricted by 
the etching ratio of resist versus Si (for NA 410 this ratio 
is typically 1:10), thus up to 2000 nm deep and 100 nm 
wide structures can be produced. The minimal lateral 
feature size using this method is restricted to 1/2n or 60 
nm for 248 nm light and a refractive index of 1 .5. 
[0104] Standing waves evolve in the light-guiding 
protruding elements 6 on the stamp surface having 
dimensions larger than the wavelength of the light in the 
material. The typical dimensions of these patterns are 
of the order of this wavelength but local intensities on 
the stamp surface can vary a lot. This contrast genera- 
tion mechanism can be combined with the substrate 
protrusion elements 3 on the substrate surface or the 
light-guiding protrusions on the stamp 10 to further 
enhance contrast, and thus make use of interference 
effects to enhance contrast. If the substrate protrusion 
elements 3 are in registry with the peaks in the standing 
waves they are selectively illuminated. Other substrate 
protrusion elements 3 that are in regions of local minima 
are not exposed. 

[0105] When the stamp 10 is operated in an eva- 
nescent mode, i.e. using total reflection at the contact- 
ing regions of the stamp 10, this allows definition of 
higher lateral contrast than with perpendicular illumina- 
tion. This is achieved by inclining the illuminating rays in 
accordance with the refractive index difference at the 
interface between the stamp surface and the cover ele- 
ment 4 or the substrate 2. To obtain this effect, a thin 
low-refractive index material can be inserted directly 
between the stamp 10 and the cover element 4. This 
material can be solid but also be simply air or any other 
gas or low-refractive liquid. With the higher contrast, 
pattern sizes can be as small as Lambda/10. Generally 
speaking, evanescent fields do have higher field gradi- 
ents. The disadvantage of this is that fields are strongly 
attenuated as function of penetration depth into the 
resist. This is not serious when the fields are used to 
illuminate top layers like in top-surface-imaging 
u t-.eme*. ir nCinniof. thf oDniic.r.ncr c nn p* oc.es i u 
the substrate piotiuoing elements b on the substrate c 
allows a more homogeneous distribution of the expo- 



sure as function of proximity to the edge of the pattern. 
Like in top-surface-imaging schemes, the diffusive 
material may be applied after the exposure. Top-sur- 
face-imaging schemes can be improved by direct appli- 

5 cation of the diffusive material during or after the 
exposure. Due to the small thickness ol molecular lay- 
ers, this method can be applied advantageously with 
the above described molecular cover element 4. 
[01 06] As an example, to replicate patterns below 

io 60 nm a hydroxystyrene resist is embossed with a shim 
having structures with an aspect ratio of 1 . The thereby 
generated patterned resist surface is exposed with the 
evanescent stamp 10 to increase the permeability of the 
top layer of the protrusions of the cover element 4. The 

is whole substrate 2 is then exposed to vapours of hexam- 
ehyldisilazane. The different permeability favour satura- 
tion of the top layer of the sub 60 nm posts creates the 
desired improved resistivity against the 0 2 plasma. 
Thus the aspect ratio of the 60 nm resist features can be 

2C amplified. The resist is then used in a standard silicon 
RIE for transfer into the substrate material. Maximal 
depths can be larger than 10 times the width. The power 
of this method is the amplified resist structure which 
allows high aspect ratio Si features to be produced and 

25 is also better for plasma-based ion implantation tech- 
niques. 

[01 07] Generally, the described method is used to 
amplify an existing resist structure whatever the previ- 
ous fabrication method was. 

30 [0108] Figure 5 shows a patterned resist structure 
illuminated with a stamp using evanescent light to cre- 
ate a thin layer with increased permeability. This struc- 
ture is filled with HMDS to harden it in the subsequent 
0 2 plasma etch and to allow ampIH icaton of aspect ratio 

35 of pattern. 

[01 09] In detail, figure 5 shows the flat, unstructured 
substrate 2 with the structured cover element 4 on it. 
The stamp 10 is driven in the evanescent mode and is 
in contact with the cover layer 4 via its protrusion ele- 

40 ment 11. The incident light does mainly not leave the 
stamp 10, but creates the evanescent field which only 
chemically modifies the material of the cover element 4 
at the top of the protrusion element 1 1, i.e. at the area 
which is subjected to the evanescent field. As next step 

45 it is supposed to use the modified top layer as means for 
structuring the cover element 4 totally, i.e. to be able to 
remove the areas beneath the protrusion element 11. 
Therefor a directed material removal step can be used 
which affects not the modified cover element material 

so but only the non-modified cover element material. 

[01 1 0] Generally, the structure of the cover element 
4 can either derive from being itself structured, hence 
having different thickness in adjacent regions, or as well 
derive from a structure of an underlying element, whose 

£5 structure is reproduced or reflected in the cover element 
t- t i oM-r.t c: epos 'tic: o* tn* ccve- ef-^fv - V*i 
stmctuieo unoeriying element. This element can also 
be the substrate 2. These structuring effects can also be 
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amount of the incident light (7) which leaves said 
patterning device (10) in areas other than at the 
position of contact to the cover element (4). 

5 7. Patterning device according to claim 6, character- 
ized in that the reflecting means (8) comprises a 
cover layer and/or a Bragg-grating. 

8. Patterning device according to one of claims 1 to 7, 
io characterized in that it comprises at least one light- 
guiding protrusion element (6) which is in contact 
with the cover element (4). 

9. Method for patterning a substrate, comprising the 
is steps of 



combined. The cover element 4 hence does not provide 
overall contact between the stamp 10 and the substrate 
2 but represents a spatially selective intermediate ele- 
ment which at predetermined positions builds a bridge 
between the stamp 10 and the substrate 2 such that a 
pattern is generated on the substrate 2, when the stamp 
10 is illuminated and serves as a waveguide. All 
described or depicted elements, method steps and 
arrangements can be combined. 

Claims 

1 . Patterning device with which incident light (7) is gui- 
dable at least partially to at least one cover element 
(4) 

which is in contact with said patterning device 
(10), and 

which comprises light-sensitive material, pref- 
erably a positive- or a negative-tone photore- 
sist or a material with an illumination- 
dependent chemical property, and 

which is structured to have depressions and 
protrusion elements (11) and is in contact with 
a surface of a substrate (2) and/or which is in 
. contact with said surface of said substrate (2), 
said surface being structured to have substrate 
protrusion elements (3). 

2. Patterning device according to claim 1, character- 
ized in that it comprises an elastomer, preferably a 
polymer. 

3. Patterning device according to claim 1 or 2, charac- 
terized in that it comprises a material which has a 
refractive index which effects that the incident light 
(7) is guided therein by internal reflection. 

4. Patterning device according to one of claims 1 to 3, 
characterized in that the light-sensitive material of 
the cover element (4) has a refractive index which 
at least approximately matches the refractive index 
of the material of the patterning device (10). 

5. Patterning device according to one of claims 1 to 4, 
characterized in that a difference in the refractive 
indices of the patterning device (10) and of the 
cover element (4) is reduced, preferably by a mate- 
rial, preferably a viscous oil or polymer, whose 
refractive index lies between the relractive indices 
of said patterning device (10) and of said cover ele- 
ment (4). 

i r Mif- mine ae^ict accoromc u on* c claim: " tc i 
cnaiacienzea in that n is aesigneo \o, ana/ot that 
reflecting means (8) is provided to, reduce the 



providing a substrate (2) with at least one sub- 
strate protrusion element (3) on its surlace, 
lowering or attaching a layer of light-sensitive 
20 material on said substrate (2), such that a 

cover element (4) is created thereby, or 

providing on a substrate (2) a cover element (4) 
which itself is structured, such that it comprises 
25 protrusion elements (11), 

bringing a patterning device (10) into contact 
with said cover element (4), 

30 - illuminating said patterning device (10) with 
incident light (7) which is guided at least par- 
tially to said cover element (4) which thereby is 
exposed to said light (7), and 

35 - removing said patterning device (10) from said 
cover element (4). 

10. Method for patterning a substrate, according to 
claim 9, comprising the further step of removing 
40 either the part of the cover element (4) which has 
been exposed to said light (7) or the part of the 
cover element (4) which has not been exposed to 
said light (7). 

45 11. Method for patterning a substrate, according to 
claim 10, comprising the further step of depositing 
an auxiliary layer on the remaining part of the cover 
element (4) and on the protrusion element (3), 
respectively on the remaining part of the cover ele- 

50 ment (4) and on the substrate (2), whereby layer 
elements (9) are generated, and removing said part 
of said cover element (4) with said thereupon 
deposited layer element (9). 

£5 1 2. Method for patterning a substrate, according to one 

O'fir.'mi f tc " *. wne-'eir. tht patieminc. ot-vu * <'C 
it heia or. the covei element (4) Dy meant ot gravi- 
tational and interfacial forces only. 
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1 3. Method for patterning a substrate, according to one 
of claims 9 to 12, wherein the wavelength of the 
incident light (7) is chosen such that the height ol 
the substrate protrusion element (6) is a multiple of 

it. s 

14. Method for patterning a substrate, comprising the 
steps of providing a substrate (2) with at least one 
substrate protrusion element (3) on its surface, 
depositing a layer of light-sensitive material on a re 
patterning device (1 0) such that a cover element (4) 

is created thereby, bringing the patterning device 
(10) into contact with said substrate (2), illuminating 
said patterning device (10) with incident light (7) 
which is guided at least partially to said cover ele- is 
ment (4) which thereby is exposed to said light (7) 
and removing said patterning device (10) from said 
cover element (4). 

15. Method for patterning a substrate, according to 20 
claim 14, comprising the further step of removing 
either the part of the cover element (4) which has 
been exposed to said light (7) or the part of the 
cover element (4) which has not been exposed to 
said light (7). 25 
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